
Europaisches Patantamt 
European Patent Office 
Office europ^en des brevets 





@ Publication number : 0 630 950 A1 



® 



EUROPEAN PATENT APPLICATION 



i) Application number : 94304562.5 



Date of filing : 23.06.d4 



@ int ci.^: C09C 3/06, C09C 1/36. 

C09C 1/02. C09C 1/04. 
C09C 1/30, C09C 1/40. 
HOI B 1/08, C08K9/02, 
C08L 23/06 



@ Priority : 23.06.93 JP 152227/93 

@ Date of publication of application : 
28.12.94 Bulletin 94/52 



@ Designated Contracting States : 
DE FR GB IT 

® Applicant : TITAN KOGYO KABUSHIKI 
KAISHA 

1978-25 Oaza Kogushi 
Ube^hi Yamaguchi-ken (JP) 

@ Inventor : Yoshimoto, Akihiro, do TKan Kogyo 
K.K. 

1978-25 Oaza Kogushi 
Ube-slil, Yamaguchi-ken (JP) 



Inventor : Yoshinaga, Toshlhiro. do Titan 

Kogyo K.K. 

1978-25 Oaza Kogushi 

Ube-shl. Yamaguchi-ken (JP) 

Inventor : Nagaoka. Shigeru, do Titan Kogyo 

K.K. 

1978-25 Oaza Kogushi 

Ub»«hl. Yaniaguchl-ken (JP) 

Inventor : Morishlta, Masayasu, do Titan 

Kogyo K.K. 

1978-25 Oaza Kogushi 

Ube-shI, Yamaguchi-ken (JP) 

@ Representative : Cropp, John Anthony David et 
al 

IMATHYS & SQUIRE 
10 Fleet Street 
London, EC4Y 1AY (GB) 



(g) White conducthfe powder, a process for its production and a resin composition containing the 
powder. 

@ The Improved white conductive powder comprises white inorganic pigment particles the surfeces of 
which are coated with an electrically conductive layer of a dual stnjcture consisting of a lower tin 
dtoxide sub-layer and an upper tin dbxide-contalning Indium oxMe sul>layer. To produce the powder, 
tiie hydration product of tin is deposited uniformly on tiie surfaces of white inorganic particles and, 
subsequentty, an overcoat of indium oxide hydrate containing 0.1 - 20 wt% of tin dtoxide is Ibrmed, 
followed by a heat treatment that Is conducted at 350 - 750^C in a non-oxidizing atmosphere. 

A resin composition containing this powder retains both the good conduction properties of a white 
conductive resin composition incorporating a conductive powder tiie particles of whtoh are coated with 
antimony-doped tin dioxide and tiie high photostablli^ of a white conductive resin composition 
incorporating an aluminum-doped conductive zinc oxide powder and yet the composition hias a much 
higher degree of whiteness titan eittier prior art resin composition. 
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This invention relates to white conductive powders for use in electricaily conductive or antistatic synthetic 
fibers, as well as in plastics and paints protected against static buildup. The invention also relates to a process 
for producing such white conductive powders, as well as resin compositions containing them. 

Many of the currently used conductive or antistatic synthetic fibers, plastics and paints are formulated with 
carbon black, metal powders, etc. However, the Wack color of these constituent materials has limited the use 
of the final products. With a view to solving this problem, there have been proposed white conductive powders 
that comprise particles of titanium dioxide, etc. coated with an antimony-doped tin oxide layer (see, Japanese 
Patent Public Disclosure (KOKAI) Nos. Sho 53-92854. 58-209002, etc.). as well as synthetic fibers, plastics 
and paints that are formulated with such white conductive powders (see. Japanese Patent Public Disclosure 
(KOKAI) Nos. Sho 56-189816, Hei 2-307911, etc.) 

The synthetic fibers, plastics and paints that have the proposed white conducth^e powders added thereto 
have a much higher degree of whiteness than those formulated with cartx)n black, metal powders and other 
conventional materials. Yet, compared to the case of formulating titanium dioxide which is one of the most com- 
monly used white pigments, the color of those synthetic fibers, plastics and paints is bluish black and still low 
in whiteness. As a further problem, the color of the antimony-doped tin dioxide changes to bluish black upon 
exposure to light, causing color shading in the surfaces of resins and paints that incorporate said antimony- 
doped tin dioxide. 

Powders that are free from the problem of discoloratfon under light can be prepared by doping zinc oxide 
with aluminum (the product is called "conductive zinc oxide"). Resins and paints that are formulated with this 
conductive zinc oxide are preferable in that they experience only limited discoloration under light; on the other 
hand, they are Inferior In conduction characteristics compared to conductive powders such as those of TiQz 
coated with antimony-doped tin dtoxide; for example, their volume resistivity is about a hundred times as high 
as the value of "conductive titanium dioxide" powder. In addition, they have not been completely satisfactory 
in terms of whiteness. 

Further, the toxicity of antimony is much discussed today and the use of antimony-free white conductive 

powders Is of great demand. 

Japanese Patent Public Disclosure No. Hei 4-154621 has proposed a non-antimony nrwthod but this is un- 
able to produce a powder that has a comparable volume resistivity to antimony-containing powders. 

Japanese Patent Public Disclosure No. Sho 61-141618 proposed potassium titanate coated with tin diox- 
ide-containing indium oxide. However, to prepare this powder, an aqueous solutton of indium chloride and an 
ethand solution of stannous chloride were used separately and the failure to provide uniform coating ratios 
for the two compounds presented the problem of unstable volume resistivities. Further, the surfaces of sub- 
strate potassium titanate particles were coated only poorly with indium oxide and the substrate worked as an 
impurity to lower the conducth^ity of the coating layer. Hence, despite the increase in the coverage with tin 
oxWe-contalning indium oxide, the powder had a volume resistivity as high as 10^ n-cm. 

Japanese Patent Publfc Disclosure No. Sho 60-253112 proposed muscovite coated with tin dioxide con- 
taining indium oxide. However, as In the case of the above-described potassium titanate. the coverage with 
tin dioxide-containing indium oxide was poor and this problem, coupled with the adverse effect of the substrate, 
required increasing the coverage with tin dioxide-containing indium oxWe. 

The same problems have been encountered in other prior art white inorganic pigment particles; it was dif- 
ficult to achieve a uniform coat of tin dtoxide-conlaining indium oxWe and the failure to lower the volume re- 
sistivity due to the adverse effect of the substrate Inorganic pigment particles made it Impossible to produce 
white conductive powders having good conduction properties. 

An object, therefore, of the present invention is to provide a white conductive powder that retains the good 
conduction properties of the conventional conductive powder coated with antimony-doped tin dioxide, as well 
as the high photo-stability of the conductive zinc oxide and which yet has a degree of whiteness comparable 
to that achieved by using common pigment-quality titanium dfoxide. 

Another object of the inventfon Is to provide a resin compositton containing the novel white conductive pow- 
der. 

The present inventors conducted intensive studies in order to develop resin compositions that satisfied 
the requirements menttoned above and the present invention has been accomplished on the basis of these 
studies. Briefly stated, the Inventfon provWes, in one aspect, a white conductive powder that comprises white 
inorganic pigment particles the surfaces of which are coated with a conductive layer consisting of a lower tin 
dioxide sub-layer and an upper tin dfoxide-containing indium oxide sub-layer. The Invention provides, in another 
aspect, a white conductive composition having said white conductive powder incorporated in a resin compo- 
nent. 

Fig. 1 is a transmissfon electron micrograph ( x 120.000) showing the structure of partteles in the white 
conductive powder prepared in Example 1; and 
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Fig. 2 Is a transmission electron micrograph ( x 120,000) showing the structure of particles in the white 
conductive powder prepared In Comparative Example 1. 

The white conductive powder according to the first aspect of the invention is prepared by a process com- 
prising the steps of coating the surfaces of white inorganic pigment particles uniformly with 0.5 - 50 wt% of a 
5 tin dioxide hydrate as Sn02 on the basis of the pigment, then applying an overcoat of 5 - 200 wt% of an indium 
oxide hydrate as In203 on the basis of the pigment, said indium oxide hydrate containing 0.1 - 20 wt% of a tin 
dioxide hydrate as Sn02, and finally heating the thusly coated pigment particles in a non-oxidizing atmosphere, 
preferably at a temperature of 350 - TSO'^C. 

The white inorganic pigment particles serving as the substrate of the white conductive powder of the in- 
fo vention may be of any commercial type selected from among titanium dioxide, aluminum oxide, silicon dioxide, 
zinc oxide, barium sulfate, zirconium oxide, alkali metal salts of titanic acid and muscovite. To take the particles 
of titanium dioxide as an example, their size Is In no way limited and they may be spherical, aclcular or in any 
other morphologies, and they may be anatase, rutile or even amorphous. While the present invention is pri- 
marily intended for use with white pigments, it should be noted that the inventive concept Is also applicable to 
IS iron oxide and various other color pigments. 

Before going into details of the invention, let us briefly explain the history to the development of the novel 
white conductive powder. 

With a view to imparting conductivity to white inorganic pigments, the inventors first tried a method in which 
the surfaces of the particles were coated directly with an indium oxide hydrate containing a tin dioxide hydrate. 

20 However, this method was incapable of forming a uniform indium oxide hydrate coat over the surfaces of in- 
organic pigment particles and, in addition, the substrate pigment particles prevented themselves from being 
imparted good conductivity even when they were subjected to a heat treatment To solve these problems, the 
inventors continued their studies and tried a process in which the surfaces of substrate Inorganic pigment par- 
ticles were first coated with a hydrate of a metal oxide such as zinc oxide or zirconium oxide which are con- 

25 ventionalty used as coating materials and subsequently applied an overcoat of an indium oxide hydrate con- 
taining a tin dioxide hydrate. To their great surprise, the resulting coat was found to be uniform by examination 
with a transmissk>n electron microscope. However, those metal oxkJes were still unsatisfactory in assuring 
good conductivity under the effects of the primer hydrate. The inventors then used a tin oxide hydrate in the 
primer coat and found that the resulting powder showed very good conduction properties without being effect- 

30 ed by the substrate Inorganic pigment particles or the primer tin oxide hydrate. The present invention has been 
accomplished on the basis of this finding. It should be noted here that the tin dioxkle hydrate coat as the lower 
sub-layer may contain a small amount of indium oxide hydrate to the extent that will not impair the Intended 
advantages of the inventbn. 

The process for producing the white conductive powder of the invention is described below in detail. 

3S The tin dioxide hydrate coat as the lower sub-layer can be formed by various methods, for example, by 
first adding a solutton of a tin-salt or a stannate to an aqueous suspension of white Inorganic pigment particles 
and then adding an alkali or an acid, or by adding a tin salt or a stannate and an alkali or an ackl simultaneously 
for coating purposes. To Insure that a tin oxide hydrate Is coated uniformly over the surfaces of the white in- 
organic pigment particles, the method of simultaneous additton is more suitable. When adopting this approach, 

40 the aqueous suspension of pigment particles is preferably kept heated at 50 - 1 0O'^C. For simultaneous addition 
of a tin salt or a stannate and an alkali or an acid, the pH is typically adjusted between 2 and 9. Since the tin 
dtoxide hydrate has an isoelectric point at a pH of 5.5, it is important and preferable that the pH of the aqueous 
suspension be maintained at2-5or6-9 and this insures that the hydration product of tin Is deposited uniformly 
over the surfaces of the white inorganic pigment particles. 

45 Exemplary tin salts that can be used include tin chloride, tin sulfate and tin nitrate. Exemplary stannates 
that can be used include sodium stannate and potassium stannate. 

Exemplary alkalies that can be used include sodium hydroxide, potassium hydroxide, sodium carbonate, 
potassium carbonate, ammonium carbonate aqueous ammonia and ammonia gas; exemplary adds that can 
be used include hydrochloric acid, sulfuric acid, nitric acid and acetic acid. 

50 The coating weight of the tin dioxide hydrate should preferably be 0.5 - 50 wt%, more preferably 1 .5 - 40 
wt% as SnOa on the basis of the substrate white inorganic pigment. If the coating weight is less than 0.5 wt% 
as Sn02, it may not be possible to apply a tin oxide-containing indium oxide hydrate to form a uniform overcoat 
and, furthermore, the effect of the substrate inorganic pigment particles may become significant to increase 
the volume resistivity of the resulting powder. If the coating weight of the tin dioxide hydrate exceeds 50 wt% 

55 as Sn02, an increased amount of the tin oxide hydrate may fail to adhere closely to the surfaces of the substrate 
Inorganic pigment particles and the resulting coat tends to be non-uniform. 

The upper sub-layer, or the coating of tin dtoxide-contalning indium oxide hydrate, can also be formed by 
various methods. However, In order to assure that the previously fonmed tin dioxkle hydrate coat will not be 
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dissolved, it is preferable to adopt a method In which a mixed solution of a tin salt and an indium salt is added 
simultaneously with an alkali for coating purposes. If this approach is taken, the aqueous suspension of pigment 
partk:les is preferably warmed at 50 - 100°C. For simultaneous addition of the mixed solution and an alkali, 
the pH Is typically adjusted between 2 and 9. Again, it is important and preferable to maintain the pH at 2 - 5 

5 or 6 - 9 and this insures that the hydration products of tin and indium are deposited uniformly over the surfaces 
of the white inorganic pigment particles. 

Starting tin materials may be selected from anrwng tin chloride, tin sulfate, tin nitrate, etc. and starting in- 
dium materials may be selected from among indium chloride, indium sulfate, etc. 

Tin dioxide should preferably be added in an amount of 0.1 - 20 wt%, more preferably 2.5-15 wt%, as 

10 Sn02 on the basis of inzOa. The desired conductivity may not be attained if the addition of tin dioxWe is less 
than 0.1 wt% or greater than 20 wt% as Sn02. 

Indium oxide should preferably be added In an amount of 5 - 200 wt %, wore preferably 8-150 wt%, as 
In203 on the basis of the substrate inorganic pigment partldes. If the addition of indium oxide is less than 5 
wt%, the desired conductivity may not be attained. Even if the addition of indium oxide Is greater than 200 

15 wt% as in203, little improvement in conductivity is achieved and, on the contrary, the productton cost is in- 
creased to cause diseconomy. 

The term "conductive powder* as used herein means those powders which have volunne resistivities of 1 
- 500 n-cm. As will be demonstrated In the examples that are given later in this specification, the present in- 
vention enabled the production of white conductive powders which, In terms of volume resistivity, were com- 

20 parable to the conventional antimony-containing product ( £ 100 ft cm) or even better than the later ( ^ 10 
n-cm). 

The heat treatment is preferably conducted in a non-oxklizing atmosphere at 350 - 750*C. Heat treatment 
in a non-oxidizing atmosphere is effective in reducing the volume resistivity of powders by two or three orders 
of magnitude compared to the products heat treated in air. 
25 The non-oxidizing atmosphere can be created by using an inert gas such as nitrogen, helium, argon or 
carbon dioxide. For Industrial practice, the heat treatment may be performed with nitrogen gas being blown 
and this is not only economical but also instrumental to the production of conductive powders with consistent 
characteristics. 

The heating temperature is generally in the range from 350 to 750*' C, preferably from 400 to 700^ C. The 

30 desired conduction characteristics are difficult to attain if the temperature is lower than 350' C or higher than 
750* C. If the heating time is too short, no effect is achieved by heating; if the heating time is unduly long, no 
commensurate increase In effectiveness wilt occur. Hence, the heating time is preferably in the range from 
about 15 min to about 4 h, more preferably from about 1 - 4 h. 

Any resin components can be used in the Invention as long as they are commercial synthetic fibers, plas- 

35 tics, paints and other products that need be furnished with conductivity. Specific examples of the resins that 
can be used include pdyalkyl resins such as polyethylene, polyvinyl resins such as polyvinyl chloride, polyester 
resins, nylon resins, acrylic resins. ABS resins, phenolic resins, urethane resins, silicone resins, epoxy resins, 
alkyd resins, melamlne resins. The applicable resins may be thermoplastfc or thermosetting. Mixtures of the 
above-listed resins, as well as halogen-substituted resins can also be used. 

40 To produce conductive resin compositions, the resin component to be modified may be compounded with 
the white conductive powder by a suiteble nneans such as a twin-screw kneader or hot rdlere. Alternatively, a 
sand grinder or the like may be used to prepare a resin paint containing the white conductive powder, which 
paint is then coated onto a substrate to form a thin conductive or antistatic film. Since the conductive powder 
has a high degree of whiteness, a bright colored, conductive resin composition can be produced by using this 

45 powder in combinatton with colored pigments or paints. 

If the use of conductive or antistatic f ibere is intended, they may be formulated from compositions that 
have been produced by compounding the conductive powder Into resins and this is preferable from the view- 
point of manufacturing practices or physical properties. If the purpose of using conductive resin compositions 
is to prevent static buildup on f llnis, resin-made containers, wall materials, etc.. the application of resin paints 

50 is preferred since this permits easy production at low cost 

The white conductive powder to be incorporated varies with the process for producing the intended con- 
ductive resin compositton or with the desired conductivity and. hence, it need be adjusted in accordance with 
the specific use. If the composition is to be used for the purpose of preventing static buildup, it should preferably 
not have a surface resistance higher than 10® n/cm and this necessitates incorporating the white conductive 

55 powder In an amount of 20 - 80 wt%, preferably 30 - 70 wt%. If the content of the poWder is less than 20 wt%, 
the final resin composition may have aa unduly high.surface resistance; if the powder content is more than 
80 wt%. not only doesthe strength of the resin composition decrease but also the cost of its production will 
increase. 
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The present invention Is described below in greater detail with reference to the following examples, which 
are given here for Illustrative purposes only and are by no means Intended to be limiting. 

Example 1 

5 

A hundred grams of rutlle titanium dioxide (KR-31 0 of Titan Kogyo K.K.; specific surface area. 7 m^/g) was 
dispersed in 1 Lof water to prepare an aqueous suspension, which was warmed and held at 70''C. In a separate 
step, a solution was prepared by dissolving 11 .6 g of stannic chloride (Sna4-5H20) in 100 ml of 2 N HQ. This 
solution and 12 wt% aqueous ammonia were added simultaneously to the suspension over a period of about 

10 40 min. with care taken to maintain a pH of 7 - 8. In another separate step, 36.7 g of Indium chloride (InCIs) 
and 5.4 g of stannic chloride (SnCU ^h^O) were dissolved In 450 ml of 2 N HO. This solution and 1 2 wt% aqu- 
eous ammonia were dripped simultaneously to the suspension over a period of about 1 h, with care talten to 
maintain a pH of 7 - 8. After the end of dripping, the treated suspension was filtered and washed. The resulting 
calce of the treated pigment was dried at HO^'C. 

15 Subsequently, the dried powder was heat treated in a nitrogen gas straam (1 L/min) at SOO^" C for 1 h to 
yield the desired white conductive powder. 

The powder has a volume resistivity of 3.9 Q-cm. The coating on the surfaces of the particles was very 
uniform as shown by a transmission electron micrograph in Fig. 1. 

20 Example 2 

A desired white conductive powder was produced by repeating the procedure of Example 1 except that 
the rutile titanium dioxide was replaced by aluminum oxide (AKP-30 of Sumitomo Chemical Co.. I_td.; specific 
surface area, 6 rvt^Ig) and that the amount of stannic chloride was increased from 1 1 .6 g to 1 6.2 g. The powder 
25 had a volume resistivity of 8.2 Q-cm. 

Example 3 

A desired while conductive powder was produced by repeating the procedure of Example 1 except on the 
30 foitowing points: the rutile titanium dioxide was replaced by zinc oxide (zinc white of Mitsui Mining & Smelting 
Co., Ltd.); the amount of stannic chloride was increased from 11 .6 g to 1 6.2 g, and the amounts of indium chlor- 
ide and stannic chloride were Increased from 36.7 g and 5.4 g to 51.3 g and 13.3 g. respectively. The powder 
had a volume resistivity of 39 Cl em. 

35 Example 4 

A desired white conductive powder was produced by repeating the procedure of Example 1 except that 
the rutile titanium dioxide was replaced by barium sulfate (B-50 of Sakai Chemical Industry Co.. Ltd.) and that 
the amounts of indium chloride and stannic chloride were reduced from 36.7 g and 5.4 g to 23.2 g and 4.7 g, 
40 respectively. The powder had a volume resistivity of 47 Cl an. 

Example 5 

A desired white conductive powder was produced by repeating the procedure of Example 1 except for the 
45 following: the rutile titanium dioxide was replaced by potassium titanate (HT-300 of Titan Kogyo K.K.; specific 
surface area, 3 tv^ig); the amount of stannic chloride was reduced from 11.6 g to 6.0 g; and the amounts of 
indium chloride and stannic chloride were reduced from 36.7 g and 5.4 g to 31 .9 g and 4.7 g, respectively. The 
powder had a volume resistivity of 87 n-cm. 

so Example 6 

A desired wh Ite conductive powder was produced by repeating the procedure of Example 1 except for the 
following: the rutile titanium dioxide was replaced by anatase ultraf ine particulate titanium dioxide (STT-65C 
of Titan Kogyo K.K.; specific surface area. 60 m^/g); the solution of stannic chloride (11.6 g) in 2 N HCI (100 
55 ml) was replaced by a solution of stannic chloride (39.8 g) in 2 N HCI (300 ml); and the solution of indium (36.7 
g) and stannic chloride (5.4 g) in 2 N HQ (450 ml) was replaced by a solutbn of Indium chloride (159.6 g) and 
stannic chloride (23.5 g) in 2 N HCI (1 000 ml). The powder had a volunie resistivity of 42 O cm. 
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Example 7 

A desired white conductive powder was produced by repeating the procedure of Example 1 except that 
the rutile titanium dioxide was replaced by muscovite (SUZOUTE MiKAof Kuraray Co.. Ud.; specific surface 
area, 7 m^g). The powder had a volume resistivity of 22 n-cm. 

Example 8 

A desired while conductive powder was produced by repeating the procedure of Example 1 except for the 
following: the rutile titanium dioxide was replaced by zirconium oxide (high-strength zirconia of Tosoh Corp.; 
spec! f ic surface area. 1 7 m^/g); the amount of stannic chloride was increased from 1 1 .6 g to 23.2 g; the solution 
of indium chloride (36.7 g) and stannic chloride (5.4 g) in 2 N HCI (450 ml) was replaced by a solution of indium 
chloride (73.4 g) and stannic chloride (10.8 g) in 2 N HO (900 ml). The powder had a volume resistivity of 32 
n-cm. 

Comparative Example 1 

A comparative sample of white conductive powder was produced by repeating the procedure of Example 
1 except that no treatment was conducted using the solution of stannic chloride (11 .6 g) in 2 N HCI (100 ml). 
The sample powder had a very high volume resistivity (3.9 x 10^ n am) and the coverage of the particles was 
such that the coating separated from the substrate in many areas as shown by a transmission electron micro- 
graph in Fig. 2. 

Ccomparative Example 2 

Another comparative sample of white conductwe powderwas produced by repeating the procedure of Ex- 
ample 1 except that the heat treatment was conducted in air rather than in a nitrogen gas stream. The sample 
powder also has a very high volume resistivity (4.3 x 10^ n-cm). 

Example 9 

The white conductive powder produced in Example 1 was kneaded with a high-density polyethylene 
(SHOREX SS55008 of Showa Denko K.K.) using a twin-roller mill (Kansai Roil K.K.>at 170'»Cfor2 min, yielding 
white conductive resin compositions. The compositions were shaped into sheets about 0.6 mm thick by means 
of a pressure molding machine heated at 180°C. The sheets were subjected to the measurement of various 
characteristics. In the preparation of the test sheets, the concentration of the white conductive powder was 
varied at 30 wt%. 50 wt% and 70 wt% by adjusting the reiathre proporttons of the powder and the polyethylene 
resin at 30/70, 50/50 and 70/30 in grants. 

The results of measurements are shown in Tables 1 and 2; Table 1 lists the colorimetric values and volume 
resistivities of the conductwe resin compositions, and Table 2 lists the degree of color change or discoloration 
that occurred under light The test specimens had high degrees of whiteness (L values) but experienced less 
discoloratton (AE) under light, thus providing to be light-fast It also had good conduction properties as evi- 
denced by tow volume resistivities. 

Various physical properties were measured by the following methods. 

(Cdorimetry on resin sheets) 

The resin sheets were subjected to odorimetry with a color tester (SC-2-CH of Suga Test Instruments 
Co.. Ltd.) 

(Discoloration under light) 

A resin sheet was placed on top of the sample holder of the color tester and exposed to light from a light 
source for 10 min. Colorimetry was then conducted on the exposed sample and the measured values were 
subtracted from the initial (t = 0 min) values (L, a. b). The differences AL. Aa. Ab and AE were used as indices 
of discoloratton. 
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(Volume resistrvrty) 

Each resin sheet was cut into square (1 cm x 1 cm) strips, which were coated with conductive silver paste 
on both top and bottom surfaces and dried for 24 h. The electric resistance of each strip was measured with 
an LCR meter (model 4261 A) or a high-resist meter (both by Yokogawa Hewlett-Packard, Lid.) and the volume 
resistivity was calculated by the formula set forth below. The thickness of the resin sheet was measured ^actly 
with an electronic micrometer (MH-100 of Shinko Denshi Co., Ltd.) 

Volume resistivity (acm) = Measured value of electricresistance (Q) ^ ^ 

Thicknessof resm sheet (cm) 

Comparative Exannple 3 



Specimens of comparative white conductive resin composition were produced by repeating the procedure 
of Example 9 except that a commercial grade of white conductive titanium dioxide that was coated with anti- 
15 mony-doped tin dioxide (CTR-72 of Titan Kogyo K.K.; volume resistivity, 2.8 O cm) was used as the white con- 
ductive powder. 

The results of measurements on the specimens are shown in Tables 1 and 2; Table 1 lists the colorimetric 
values and volume resistivities of the specimens, and Table 2 lists the degree of discoloration that occurred 
under light. The comparative specimens had satisfactorily low volume resistivities; however, compared to the 
20 sample of Example 9, they had low degrees of whiteness (L values) and experienced great discoloratbn (AE) 
under light; in particular, the drop in whiteness (AL) was substantial enough to produce a blue black spot in 
areas exposed to light 



25 
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Comparative Example 4 

Specimens of another comparative white conductive resin composition were produced by repeating the 
procedure of Example 9 except that aluminum-doped zinc oxide (conductive zinc oxide 23K of Hakusul Chenv 
ical Industry Co.. Ltd.; volume resistivity, 187 Sl cm) was used as the white conductive powder. 

The results of measurements on the specimens are shown in Tables 1 and 2; Table 1 lists the colorimetric 
values and volume resistivities of the specimens, and Table 2 lists the degree of discoloration that occurred 
under light. The discok)ratk>n that occurred in the specimens under light was very small, demonstrating their 
satis^ory light fastness. On the other hand, the degrees of whiteness (L values) were low and the volunne 
resistivities were about two orders of magnitude high compared to the sample of Example 9. 
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Table 1 



Run 


Powder's 
volume 
resistivity 
(Qcm) 


Plg:ment concentration 


30 Y/t% 


L value 


volume resistivity 
(2* cm) 


Example 9 


3.9 


91.5 


7.9 X 10» 


Comparative 
Example 3 




81.1 


7.7X 10* 


Comparative 
Example 4 


187 


84.4 


5.6X lO^o 
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Table 1 (coixtj 




Example 9 

Comparative 
Example 3 



L value 



90,8 
79.0 



Comparative 
Example 4 



83.7 



volume 
resistivity 

5.8 X 10° 
5.0 X 10« 

2.8 X 10"^ 



90>2 
77.4 

82.3 



volume 
resistivity 

9.0 X 10^ 
8.6 X 10^ 

1.0 X 10' 



Table 2 



Run 


U^ht-induced discoloration in conductive resin composition containing 50 wt% pigment 


AL 


Aa 


Ab 


AE 


Example 9 


-0.16 


■0.14 


-0.26 


0.34 


Comparative 
Example 3 


-1.08 


-0.26 


-0.35 


1.16 


Comparative 
Example 4 


-0.07 


0.00 


-0.32 


0.33 



Claims 

1 A white conductive powder comprising white inorganic pigment particles the surfaces of which are coated 
' with an electrically conductive layer consisting of a lower tin dioxide sulvlayer and an upper tin dioxide- 
containing indium oxide sub-layer. 

2 A white oonducth/e powder according to Oaim 1 wherein the white Inorganic pigment particles are selerted 
■ from titanium dioxide, aluminum oxide, silicon dioxide, zinc oxkte. barium sulfate, zirconium oxide, alkali 

metal salts of titanic acid and muscovite. 

3. A white conductive powder according to claim 1 or 2 wherein the lower tin dioxide comprising the sub- 
Isyer accounts for 0.5 - 50 wt% of the pigment 

4. A white conductive powder accorting any one of Oaims 1 to 3 wherein the upper tin dioxide^wntaining 
Indium oxide sub-layer accounts for 5 - 200 virt% as InjOj of the pigment 

5 A white conductive powder according to any one of Oalms 1 to 4 wherein the upper sub-layer conteins 
0.1 - 20 vi(t% of tin dioxide, with the balance being substantially composed of indium oxide. 

6. A process for producing a white conductive powder according to any one Qaims 1 to 5 comprising the 
"^coating the surfaces of the white inorganic pigment particles with 0.5 - 50 wt% of a tin dioxide hy- 
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drate as Sn02 on the basis of the pigment; 

then applying an overcoat of an indium oxide hydrate containing 0.1 - 20 wt% of a tin dioxide hydrate 
as Sn02. said tin dioxide hydrate-containing indium oxide hydrate being applied in an amount of 5 - 200 
wt% as In203 on the basis of the pigment; and 

perfonming a heat treatment in a non-oxidizing atmosphere. 

7. A process according to Claim 6 wherein the heat treatment is performed at 350 - 750 ^'C. 

8. A process according to Claim 6 or 7 wherein the heat treatment is conducted with an inert gas being blown. 

9. A process according to Claim 8 wherein the inert gas is nitrogen gas. 

10. A process according to any one of Claims 6 to 9 wherein the lower tin dioxide sub-iayer is formed by adding 
a tin salt or a stannate and an alkali or an acid simultaneously to an aqueous suspension of the white 
inorganic pigment particles. 

11. A process according to Claim 10 wherein the aqueous suspension is kept wanned at 50 - 100 °C during 
the simultaneous addition of a tin salt or a stannate and an alkali or an acid. 

12. A process according to Claim 1 0 or 11 wherein the aqueous suspension is held at a pH of 2 - 9 during the 
20 simultaneous addition of a tin salt or a stannate and an alkali or an ackt. 

1 3. A conductive resin composition comprising a white conductive powder according to any one of Claims 1 
to 5 and a resin. 
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14. A conductive resin composition according to Claim 13, further containing colored pigments or dyes added 
thereto. 

15. A conductive resin composition according to Claim 13 or 14 wherein the resin component is high-density 
polyethylene. 

^ 16. Aconductive powder comprising inorgank: pigment particles the surfeces of which are coated with an eleo- 
trically conductive layer consisting of a lower tin dioxkle sub-layer and an upper tin dioxide containing in- 
dium oxide sub-layer. 
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Fig. 2 
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